The effect of temperature cycling on the relative productions of aflatoxins B1
temperature between 33 and 150C favored aflatoxin B1 accumulation, whereas cycling between 25 and 15°C favored aflatoxin G1 production. Cultures subjected to temperature cycling between 33 and 25°C at various time intervals changed the relative productions of aflatoxins B1 and G1 drastically. Results obtained with temperature cycling and yeast extract-sucrose medium with ethoxyquin to decrease aflatoxin GI production suggest that the enzyme system responsible for the conversion of aflatoxin B1 to G1 might be more efficient at 250C than at 330C.
The possible explanation of the effect of both constant and cycling temperatures on the relative accumulations of aflatoxins B1 and G2 might be through the control of the above enzyme system. The study also showed that >57% of aflatoxin B1, >47% of aflatoxin G1, and >50% of total aflatoxins (B1 plus G1) were in the mycelium by day 10 under both constant and cyclic temperature conditions.
Temperature is one of the most important environmental factors influencing the growth and toxin production of toxigenic fungi. Except for a few studies (9, 12, 13) , reports on the relationship of aflatoxin production to temperature have been conducted at constant temperature (1, 7, 8, 10, 11) . Schroeder and Hein (9) reported that cycling Aspergillus parasiticus between 20°C and 40 to 50°C decreased aflatoxin production but increased the ratio of aflatoxin B1 to G,. In contrast, temperature cycling between 26.6°C and 10 to 200C did not affect aflatoxin production, and the ratio of aflatoxin B1 to G, remained the same. This study was undertaken to determine how the cycling of temperature can influence the ratio of aflatoxin B, to G, and affect the relative distributions of aflatoxins B, and GI in the mycelium and me- To recover the toxin, the culture was agitated for 10 min on a rotary shaker with 25 ml of chloroform. The liquid was then transferred to a 125-ml separatory funnel, and the chloroform layer was separated from the aqueous medium. The extraction procedure was repeated three times. Pooled extracts were filtered through anhydrous sodium sulfate on Whatman no. 1 filter paper.
Aflatoxins B1 and G, were identified by comparison with standards purchased from Applied Science Laboratories, State College, Pa., and Aldrich Chemical Co., Milwaukee, Wis. Aflatoxin was quantitated by the use of a high-pressure liquid chromatograph (Waters Associates, Inc., Milford, Mass.) equipped with an M-600 pump, UGK septumless injector, model 440 ultraviolet light detector, and a Waters,-Porasil column. After separation with the solvent system described by Pons (6), aflatoxins were quantitated by ultraviolet absorbance at 365 nm.
Temperature cycling was accomplished by using four incubators (34.5 ± 1, 33 ± 1, 25 ± 1, and 15 ± 1°C). Cycling was performed by manually shuttling cultures between incubators at 8-and 16-or 12-and 12-h intervals. Each 24-h period was regarded as one temperature cycle. Under the same temperature cycling program, "cycling up" and "cycling down" refer to whether the cultures were first incubated at the higher temperature or lower temperature, respectively.
The experiments were performed in either three or five replications which are specified under each table. Significant differences between means were determined by using the Duncan multiple range test. RESULTS 
AND DISCUSSION
The relative distributions of aflatoxins B1 and GI, and total aflatoxins (B, + GI) in the mycelium and medium are shown in Table 1 . Results indicated that >57% of aflatoxin B1, >47% of aflatoxin GI, and >50% of total aflatoxins (B, + GI) were in the mycelium by day 10 . High temperature (33'C) favored a higher percentage of aflatoxin accumulation in the mycelium than did the lower temperature (25°C). It was also found that whenever cultures were subjected to temperature cycling, the longer the cultures were incubated at high temperature, the greater the percentage of aflatoxins found in the mycelium.
As shown in Table 2 (Table 2) .
Preliminary study showed that the ratio of accumulated aflatoxin B, to G, after 10 (1) in that the ratio of aflatoxin B1 to G, increased as temperature rose. It has been proposed that aflatoxin G, is less stable than B1 at temperatures above 30°C (1) and is metabolized more rapidly at higher temperatures (9) , which may explain the reduction in aflatoxin GI accumulation. It was also observed in the present study of temperature cycling that whenever temperature programs included higher temperatures (33°C), aflatoxin B1 production or accumulation was favored (Fig. 1) , and, by contrast, temperature programs that included lower temperatures (25°C) favored aflatoxin GI production or accumulation (Fig. 2) . Both constant and cycling temperature programs can influence the relative production of aflatoxins B, and G,. Aflatoxin B, is considered to be a precursor of aflatoxin G, (4, 5) ; therefore, one of the possible explanations of the effect of temperature on the relative accumulations of aflatoxins B, and G1 might be that the enzyme system responsible for the B1-to-G, conversion is more efficient at 25°C than YES medium to decrease aflatoxin GI production, aflatoxin B1 predominated over aflatoxin G1 under both constant and cyclic temperature conditions (Table 3 ). This demonstrates that the effect of both constant and cycling temperature programs can be eliminated by blocking the formation of aflatoxin G1. It seems that the length of time that the enzyme system responsible for the conversion of aflatoxin B1 to G1 is allowed to function at optimal temperature (25°C) will determine the final relative productions of aflatoxins B1 and G1 under both constant and cyclic temperature conditions. 
